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Calculation of Enrichment Factor
The enrichment factor (EF) of a given element (e.g., Hg) in a sample is defined as the content of that element relative to its abundance in the upper continental crust (UCC) (Rudnick and Gao, 2003) in comparison with a process-insensitive element (e.g. Al, Fe, Ti, 5 Si). In this study, we use Al as the process-insensitive element because Al is a main component of UCC and it presumably has little or no contribution from anthropogenic sources (Chen et al., 2014) . The EF of an element of interest (Cxx) is calculated using the following equation: EFxx = (Cxx/CAl)sample / (Cxx/CAl)ucc
with EF values between 5 and 10 in geochemical samples are considered to have significant contribution from non-crustal sources, whereas the elements with high EF values (>10) are essentially from anthropogenic activities (Chen et al., 2014) .
Principal Component Analysis
15
Four factors are extracted from the Varimax rotated Principal Component Analysis, which accounted for 93% of the Explained Variance (Expl. Var.) of the entire data set. This finding is consistent with a previous report (Schleicher et al., 2015) . The factor loadings are listed in Table S5 .
Factor F-1 explains 39% of the total variance of the data, which is characterized by high sources. After the phase-out of leaded gasoline in China since 1997, vehicle emission has not been the major emission source of Pb in airborne PM. Instead, coal combustion has since become the major source of Pb in PM (Zhang et al., 2009; Xu et al., 2012) . Meanwhile, Se, 20 loadings of the elements (Pb, Rb, Se, Zn, Tl, Cr, Cd, Fe and Ni) from mainly anthropogenic
10
The EF values calculated for the PM2.5 samples are listed in Table S4 . In general, the elements
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Cd and Zn with high contents were also considered mainly from coal combustion (Schleicher gas-fired stations in Beijing, coal consumption is still huge in Beijing, particular in coal combustion for winter healing mainly used outside the 5 th ring road of Beijing (Lin et al., 2016) . Previous study showed that the petroleum refining and pollutant associated with petrochemical industry may be important sources of primary fine particles in Beijing, but they activities (e.g. metallurgical processes) might also contribute to these element associations, as evidence by the highest EFs of Se, Cd, Pb, Zn, Tl and Cr in two dust samples from the smelting plant (Table S4) . As a result, F-1 is labeled as "mixed anthropogenic factor" mainly comprise coal combustion and nonferrous metal smelting. Factor F-2 is characterized by high lithogenic source contribution. Possible anthropogenic sources might be from construction activities as Ca, Sr, Al and Mg contents are high in cement materials, such as concrete mortar, lime or bricks (Schleicher et al., 2015) . Additionally typical host minerals for these elements with low EFs (Table S4 ) may be from windblown dust (Visser et al., 2015) . Collectively, smelting and building materials that have high loading of Hg.
Factor F-3 is characterized by high contents of Sb, Cu, PM2.5 and EC, accounting for 23% of the total variance. Since Sb and Cu in urban aerosols are mainly from brake wear of vehicles (Visser et al., 2015) , this factor may be best referred to as "traffic emission factor".
45
Factor F-4 is dominated by K and Na, which has been reported mainly from the biomass burning (Zheng et al., 2005a; Zheng et al., 2005b) . Low loading of Hg in factors F-3 and F-4
30
are not the main sources of PM2.5 (Lin et al., 2016) . In addition to coal combustion, industrial
40
Factor F-1 and F-2 can be labeled as a combination of coal combustion, nonferrous metal suggest traffic emission and biomass burning sources may be not the major contributors for PM2.5-bound Hg.
Calculation of Secondary Organic Carbon
50
Secondary organic carbon (SOC) is frequently used to evaluate the efficiency of secondary aerosol production in the literature (Castro et al., 1999; Yu et al., 2004; Rengarajan et al., 2011 ). Here we use the EC-tracer method to estimate the SOC by employing the equation of SOC = OC -EC * (OC/EC)min (Castro et al., 1999; Cao et al., 2004; Yu et al., 2004; Rengarajan et al., 2011) , and by assuming the minimum OC/EC ratio as the primary ratio 55 (Rengarajan et al., 2011) . In this study, the (OC/EC)min of 2.02 observed for PM2.5 is used in the calculation. Table S2 . Mercury concentrations and isotopic compositions for the 30 solid materials from different potential emission sources in China.
a a coal-fire power plant from Hubei province; b a coal-fire power plant from Mongolia province; c a smelting plant from Qinghai province; d a cement plant from Sichuan province; e data have been published in our previous work (Wang et al., 2015) . Figure S4 . NOAA-HYSPLIT model (http://ready.arl.noaa.gov.) results illustrate air mass back trajectories for PM2.5 samples collected in early Summer.
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